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‘ I  Light ” (Chm. Scribner’s Sons, New Yorlc, 1901), 
where pages 139 to 153, inclusive, are given to a popular 
discussion of halos, and in Appendis C, [is given] a more 
rigid treatment with criticisni of Bfavais’s yiews together 
with a substituted theory, which, UI my mind. is ?wept,- 
able. In this I succeeded in explaining all of t.he authen- 
ticated phenoniena of halos, 14 in all, with the escept.ion 
of thc fanious 90O-circle of Hevclius which would be the 
15t.h. At t.hat tinie I was almost disposed t.0 question 
the reality of this feature; now, my attitude is somewhat 
changed, and I am incliued to a belief that it ndniits of 
theoretical esplanation. This explanation I have not 
published because certain of its assumptions are not 
sufficiently based upon observation. * * * 

“The first and most voluminous writer upon the sub- 
ect. and erhaps the most philoso h i d .  was Rnbvnis. 

error in niechanics conhined in the assunipt.ion that 
elongated crystals would fall t.hrough the air with their 
axes vertical and plate-form crystals wit.h their ascs 
horizontal; (2) that ordinar rehections from the faces 

increase in sky luminosity which characterizes the few 
tures of halos; (3) that he was justified in assuming 
the presence of any desired form of ice crystals conven- 
ient for his purposes provided that they did not contra- 
dict the laws of crystalography, overlookiq, moreover, 
the. fact that in order to attain his explanation lie must 
assume the eat predominence of that part.ioular type 

“Writers who have followed Bravais have, to t,he best 
of my knowledge, corrected only t.he fist of these funda- 
mental errors, namely, the mechanical ones. The opt& 
cal and the crystalographical have not been touched, 
see figures 13, 13, 14, of page 434 of the MONTHLY 
WEATHER REVIEW for July, 1914. 

“Let us consider briefly the significance of the three 
criticisms above, or rather, since everyone agrees as 
re ards the first, let us turn our attention to the ot,hers. 
den we regard an ordinaq feature of the halos, t.he 
22O-ring for example, the origin of which is esplained to 
the satisfaction of everyone, it will be observed t,hat very 
nearly all of the light which enters a face of a suitably 
oriented crystal emerges in the direct.ion of the obscrver 
other crystals resent merely diluting the phenomenon. 

prisins reduced to  one-twentieth or less, can anyone 
suppose that under such circum?tmFes any very marlied 
or even notable increase of luminosit-y could be found m 
this region? But this is just the ratio of the decrease of 
luminosity when one depends, as do all of these writem, 
upon ordmary reflections from the crystals. 

“As to the third criticism, i t  hard1 needs more than a 

i3 ravais’s P undamental errors were t. \ e following: (1)  :~n  

of such crystals could pro B uce anywhere the notable 

in just the f esired direction. 

Now imagine t I! e amount of light sent from such oriented 

statement to render it valid. That 3 ravais should have 
of unknown cryskal f o r m  
they would meet his theo- 

is not so surprising; but that anyone 
host of new forms which haye an 

even less probable actuality is certainly very surprk3ing. 
The tremendous outstanding objection to this method, 
which a pears above, has never been touched upon as 
far aa I Low-I mean, that even granhng the existence 
and efficiency of those highly complicated crystals one 
must put them in enormous numemcal majonty in just 
the requred direction in order to be effective. 

“The princi les at t.he base of my the0 are also 

ice crystals 88 have been observed and are of ve 
three, and of t i e simplest kind: (1) Only suc T fo? of 

type can be presupposed. This is an almost se 7 -evident 

the law of 

planation in every case in total reflections. 
With these nnxrow restrictions, made by no other 

miter, I had [in 19001 succeeded in explaining all well 
authenticated plienomenil of this class mth  the postulate 
of only 2 forills of perfectly well-known crystals.” 
5.‘ : . . c . ,  
SYSTEMATIC EXPLORATIONS O F  THE UPPER AIR WITB: 

EST-TES O F  COST.’ 

Hy MARK W. HARRINQTON, Chief, U. 8. Weather Bureau. 
l l C d  I d o r e  the Intemtiousl Conteronce on derhl Navigation, Chicago, Ill., August, 

lm.] 
[This pa er is of such historical value that we reprint it in full from 

the originay for the information of students of meteorology. The paper 
was briefly referred to in the Monthly Weather Review, June, 1897, 
26: 313, aiid January, 1914, 49: 39. 

Many will .be interated. to learn that Prof. M. W. Harrington is 
atill quietly living near Phlrdelplua, P a . 4 .  A.] 

The exploration of the upper air is the immediate r e  . 
changes which go under the name of weather have their 
origin at some distance above the earth; and of what 
occurs in the cloud layer or layera, our knowledge is 
insignificant or theoretical. The only systematic at- 
tempt to investigate the higher atmosphere has been by 
meam of mountain stations; but thls, though i t  has led 
to a series of interesting results, does not meet the re- 
quirements of the meteorologist. The station on the 
mountain top is after all only a station on the earth’s 
surface; and though many of the e uidynamical surfaces 

for instance), others (as the isothermic and those for 
wind and humidity) show mRrked adaptation to the con- 
tour of the surface. Many aeronauts have noted this 
adaptation as especially true of the cloud layers the lower 
one ofteii reproducing with some exactness the general 
variation of the surface below. We can hardly espect, 
therefore, that the mountain stations, useful as they are, 
will give us the aid needed 
at considerable elevations in 

There are several wa of 

The s ectroscope promises 
twinkEng of the stars might be expected to give us a 
detil of information when properly interpreted; gi:: 
Ventosa has shown that even the fluctuations on the 
margins of the larger celestial bodies! when viewed in the 
telescope, have apparent relations mth  the u per winds. 

total result received by us is the mtegration of the indi- 
vidual effects at each point of the path, and it is not prac- 
ticablo to separate the sum into its pyrts. Besides, even 
if this could be done, the informat~on to be obtained 
would be very incomplete, as it would relate only to a 
part of the series of meteorologicfil elements. It may be 
mentioned as of interest in thls qonnection that the 
scintillation of stars has been especially and systemati- 

uirement for the satisfactory advance of meteorolo 
+here is abundant reason to think that many of t Y e 

show change with the elevation of t 1 e land (the isobaric, 

investigating the ray of 9“ ight 

This information must, however, .be vague, f ecause the 

~~ 

1 Reprintrd /ram pp. 349-354 of Proeeedis international conlerence on nerlsl mvi- 
 tia an, Chicago, Aug. I,?, 3, and 4,1993. A&. eng. end milr’d jour. New Yak,  1894, 
IV,  m p .  8’. 
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Sum ................... 23,OOOft. ...................................... I I  I - ~~ 

KITES.. ......... .............(I kltes 5 feet ~ ~ 8 9  .............................. 
8 kltef 6 feet amom. ............................. 
4 kltae 8 feet across .............................. 
9 kites g feet a c w  .............................. 

.............................. sum .................. 33 Utes.. ......... ,. 

MONTHLY WEATHER REVIEW. 

54.70 
-. - 

$16. OCI 
10.00 
24.00 
31.00 

91.00 
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c a y  studied; and M. Dufour, one of the lead’ studenta 

Sciences Ph s. et Nat., June, 3 593) that the only meteoro- 

lessened twinkling indicates bad weather. 
There remain as meam of systematic exploration of 

the free air, elevated towers, kites, pilot balloons (without 
aeronauts), and balloons carrying aeronauts. The ele- 
vated towers are well illustrated by the Eiffel Tower in 
Paris. By such a tower a systematic study may be 
made of a layer of air 1,000 feet thick, with almost infini- 
tesimal ertiirbations by the tower itself. The excellent 

Service on the Eiffel Tower have roved of very great 

the study of the up er air. It tels us nothing of what 

&re very expensive to build and to maintain. I have heard 
the cost of the Eiffel Tower estimated at  $1,000,000 and its 
maintenance must cost a considerable sum, whi& could 
only be met by using the tower as a permanent show 
place; the latter requirement necessitates ita being placed 
rn or near some 

The method  has been studied es eciall by 
Mr. William A. Eddy, of Bergen Point, N. j., an! the 
data which I give I owe entirely to hls kindness. He 
uses tailless kites, places them m tandem, and recom- 
mends that the be flown in groups of three. By such 
means he has d e s d y  attained heights of 4,000 to 5,000 
feet, and confidently espects to attain 14,000 feet without 
serious diiifiiculty. On my request that he estimate the 
cost of carrying meteorologcal instruments to this 
height, he gave me the following estimate, on the basis 
that the line would average an an le of 45O with the 

length. 

of the subject, has recently announced (Arc Yl ives des 

logical resu 9 t he has been able to reach ia the rule that 

series o P observations made by the French National 

interest, yet they do not reach to t R e height needed for 

hap ens in the clouc I) layer, probably the most important 
of t E e strata of the atmosphere. Moreover, such towers 

horizon, and would have to be a % out 23,000 feet in 

Cost to cuny inshnunts to 15,000 feet height hy mew of %tea. 

Pounds 
8 highest kites. .............. ........... 1.00 
8nextkitm .................. ............... 1 i: 1 6.00 
8next kltes .................. ................ 1 a80 12.20 
gnextkltss .................. ................ 2:!250 30.50 

windlass for winding kites .................................................... 
4 laborem, at $1 50 per diem ................................................. ..I $% L 

Tots1 .................................................................... 171.70 

Mr. Eddy adds ‘ I  that in lighter winds perhaps 50 kites 
would be required, the above estimate applying for winds 
of about 10 miles per hour. All thekites are tailless, and 
fly a t  an angle of about 80’ from the horizontal for the 
b t  300 feet of line out. In  case the pull becomes too 

eat for the breaking strain, the low and larger tandem 
tes can be hauled in. The breaking strain of the 

cordage must be known and the pull a t  the earth’s sur- 
face constantly measured to prevent the entire line from 
breaking away. This is a rough estimate, but is founded 
upon careful experiments during two years. The top 

kites and twines should be laid out the night or day before 
and the lines should be extended along the und for 
several thousand feet. Soon after da b r e r t h e  top 
kites should be started UP the top one Hfting the next, 
and so on. The kites wi6 right themselves, regardless 
of position in which they are when lifted by the higher 
kites. Instrumenk should be suspended between 2 
grou s of 3 kites each, thus (see figure omitted). 

I‘ !k)hree tailless kites will fly when any one of the three 
will not, in very mild surface winds. For safety it would 
be well to have the kites in groups of threes.” 

Mr. Eddy is not ready to ive a limit to which kites 

made to reach the cirrus clouds. In winds of high velocity 
the kites must be perforated to relieve them fron too 
strong air pressure. The tailless kites easily right them- 
selves when revewed, and a tandem series of kites tends 
to prevent the jerking which might put the instruments 
out of order. 

It seems, therefore, that for about $200 we may ho e 

height of about 14,000 feet. If we assume a iVot oss and e 
by meins of kites to take instruments for regist 

wear of 5 per cent per day in the kites and other appe 
ratus, we would have a current expense of $10 per day. 
Add to this the $6 for labor, and such service would cost 
about $16 per day. This would make for current ex- 
penses for a year $5,840; add cost of instruments, $2,500; 
outfit and incidentals, $1,660; total, $10,000. 

A probable cost, then, of $10,000 for a year’s sys- 
tematic work of this sort, not including the salary of the 
official in charge. 

can be flown, but  is not wit % out hope that they can be 

Fl 

PILOT BALLOONS. 

The best possible anemometer is a balloon which is 
immersed in the air and moves freely with it. For half 
a century or more occasional studies of the lower air cur- 
rents have been made by means of small pilot balloons. 
The balloon is allowed to rise freely, and a card is a t  
tached to be returned by the finder with name, date and 
place. The most elaborate series of observations of this 
sort known to me are those of M. Louis Bonvallet at  
Amiena, who, from May, 1885, to the end of 1890, sent 
up 97 pa er balloons var ing in volume from 50 to 1,800 

sandier in La Nature (Paris), 1891-92, pages 259-260. 
The amount of instruction from them is small and 
disappointing. 

Such balloons can be used only for the stud of air cur- 

the assistance temporarily of theodolites and ersons 

useful. They would enable us to study the arrangement 
of air currents about definite ‘meteorological phenomena, 
such as centers of high or low pressure. To effect this 
the observer should have a sup ly of small balloons on 
hand and the means of readily in atin them. He should 
also have on ready call two the0 olites and ersons 
ca able of using them-& requirement easily fille at any 
colege or universit with a department of civil engl- . The weat g er map should be carefully studied 
from neeriT ay to dsy, and when a “high” or “low’ is about 
to ass over the station the force of observers should be 
c a9 ed out and tlie balloons inflated and released to as 
great a number as could be observed at frequent inter- 
vals (once in 5 minutes, sa ), and with approsimate pre- 

zontal motion at determinate elevations below the cloud 
layer, and plotting would show the relation of these 
to the center OfApressure. Aside from the salary of 

liters. $he general resu s ts are given by M. Gaston Tis- 

rents, but by a proper selection of places an B dates and 

capable of using them these balloons could be ma i; e very 

Eg 2 P 

cision. Computation wou 9 d then easily show the hori- 
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the principal observer, the cost of such observations would 
be small.for each op ortunity to observe, and for any 

would be few. The espense a t  any station for a year 
would probably not surpass $1.50, so that for $:3,01)0 such 
observations could be scattered at  S O  colleges over the 
States, with probable results far in escwss in vn.hie over 
the cost. 

A more instructive but more aspensive method is that 
of pilot balloons carrying automatic registering instru- 
ments. This method of sounding the upper air was 

roposed by Le Verrier in 1754, niid hau witrhin the liist 
rew years been repeatedly tried in France. Iii the last 
four months of 1898 M. Hermite sent up 13 such balloons, 
a11 of which reached an altitude of over 9 kilometers, or 
63 miles; and one sent up on March 31, 1893, must have 
reached an elevation of over 16 kilometers, or 1 0  niiles. 
These balloons carry means for tho automatic rerord of 
pressure and temperature, but the last-nientioncd found 
so cold temperatures that for a considermble time the 
special1 prepafed ink could not erform its funct.ions. 

c a d ,  to enable the following of tho course of the ‘Udloon; 
but t l h  has not been successful, ns the fuse which releases 
the cords is sooii estinguished. In the ascent of March 
21, out of 600 cards taken up only 400 were released, and 
of these only 5 or 6 were recovere& It is found, however, 
that the recovery of the balloon IS much easier than had 
been ex ected, as a printed direction on the balloon 
itself leaxs to its recovery as soon as it falls into the hands 
of any intelli ent person. 

The difficu f ties in the way of these remarknblV interest- 
ing esplorations prove to be less than could have been 
expected; but there are many questions. about them still 
unsettled. Under these circumstances it is not easy to 
makesan estimate of the cost of s stematic work in flus 
direction. I have, however, aske B Prof. H. A. Hazen to 
make the estimates for me. He has estimated approsi- 
mately that a .balloon to ascend to a height of 4 miles 
with a load of instruments of 30 pounds would cost $150 
if made of silk and $200 if made of oldbeater’s skin. 

the corresponding nces a t  $600 and $SOU. The instru- 

would be espeuive. Probably t ie suni of $5.000 would 
permit of one such pilot balloon per week during the 
year to the height of 4 miles, and perhaps one per month 
to the greater hei ht. The station selected for such 

tal arm-say somewhere from kansas to Manitoba. 

given station the num E er of opportunities during the year 

The a T so camed a davico for re P easing and dropping 

For a balloon to ascend to the height o 7 10 miles he puts 

mental outfit wo up d have to be repared expressly and 

observation should % e near the-middle of the continen- 

Y 

BALLOONS WITH AERONAUTS. 

The preceding methods, 
interesmg and instn!ctivo 
fect as means of obtaining 
meteorologists. Much better for this purpose would be 
systematic work by a meteorologist who should make the 
ascension himself. Evidence points to the condusion that 
the cloud layer, and perhaps the upper cloud surface, is a 
region of especial aFtivity in meteorological henomena, 

are of such character that they would probably escape 
any automatic .registry. Their record requires the pre.s- 
ence of a tralned meteorologist. These observations 
should be systematic, as the sporadic ones are of rela- 
tively little value. A meteorologist shoulcl nscencl twr-ico 
a day to a considerable height, and should keep this up 
through all kinds of weather mid tlnough the season. 

but the facts on which such a conclusion cou1 B be verified 

The elevation need not be great; probably the first 20,000 
feet include the layer of air in which the meteorolo ‘cal 
phenomena which we cnll weather are active. At i? east 
the stratum of this thickness is far inore im ortant to us 
than all the rest of the depth of the atmospiere. Y 

The cost of such a caiiipaigii would be considerable, 
hut  would vary with the material used, the care in using 
it. the Dosition of the station. etc. I think a vear’s cam- 
paign 6f this sort could be gone through for kn expense 
of $20,000. 

In conclusion, i t  appea.rs that a year’s campaign could 
be made in the free a.ir as follows: . 
To 3,000 feet (perhaps), with small balloons .__._____._ - -. . . -. - $3, OOO 
To 14,000 feet, mith.kites. -. - - . . - - - -. . - -. . . . . - -. . -. -. . . . . . . . 10,000 
To 20,OOO feet, 52 p l o t   balloon^ ._____... . -. - -. -. . - - -. . -. . . . - 
To 50,000 €eet, 1:! pilot balloons ._..____. - -. . - -. - -. . . . -. - -. 
l o  20,000 feet, irit.11 neronnnt.. . . . -. . . - - .  . -. . - -. .. . . . - - - ._. . 20,000 

The results to be obtained would be cheap at  any of 
rkes, hut the fourth method seenis to me incom- 

cnmpaigii of this sort would add very greatly-more than 
in any other possible way in the same time-to the knowl- 
edge of meteorology and hence to the forecasting of the 
weather. There is no other wa , I believe, in which this 

of meteorology. 
(NoTE.-tJpon the reading of the above paper it was, 

u on niotion of Mr. D. Torrey, nnanimously resolved [by 

“That it is the sense of this meetin that the experi- 

public vdue in forecasting the weather, and that Con- 
gress should, in our judgment, make the necessary appro- 

rintion to have the experiments made as recommended 
Ey Mr. Harrington.”) . 

EXTRACTS F R ~ I K  T- ANNUAL REPORT OF T= sxrm- 

} 3,000 
,, 

pmh t’wsc! P y the best as well as the most certain. A year’s 

sum of money could be expende c9 to the greater advantage 

t R e Conference] : 

nients proposed by Mr. Harrington me 5 ikely to prove of 

L-, ’i- : -. / < .  d , / !  

SONIAN ASTROPEYSICAL OBSERVATORY.’ 
C. G. ABBOT, Director. 

[Dated: Washington, D. C., June 30,1914.l 

Obscwations [at Wnshin.gton.].-Mr. Fowle has contin- 
ued the difficult research on the transmission throu h 
moist air of radiations of reat wave length, such, P; or 
instnnce, :is those which bofies at  the temperature of the 
earth enlit most freely. He uses a very powerful lamp 
niade up of n large nuiuber of Nernst electric glowers, 
and exanlines by .the aid of the s ectrobolometer the 
energv spectrum of the ra.ys emittet! by this lamp, h t  
directly, and then, after the rays have traversed twice or 
four times a tube 200 feet long, containin air of meas- 

been dealing principally with rays. of the very lon est 
wave lengths of the terrestrial ener spectrum w&ch 

about 18 microns, which is about 25 times the longest 
1:-ave length visible to the eye, and a.bout three md one- 
half tinies the wave len tli of the solar ra s investigated 

In the 
first ace, great sensitiveness of the bolometer is re- 
quire$ owing to the feebleness of these rays. Attempts 
to use a vacuum bolometer have consumed much time, 
but not yet with entire success. Full success in this 

ured humidity. During the past year 9 r. Fowle has 

moist air transmits. He has roache 8 a wave length of 

by this observatory in 5 t e years 1890 an8 1900. 
A great number of difficulties are met with. 

~ 

I Erlractrd from Appendix 5 01 Smithsoulan Institution. Report of be .  Senebry for 
the year ending June 30,1911. Washington, 1911. 111,117 p. 4 pl. 15g. So (Publt 
catlon 2317.) 


